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.

SUMMARY

A systematic series ‘of 27 wing sections, characterized by a small travel of the center of
pressure, has been investigated at 20 atmospheres pressure in the variable density wind tunnel
of the A’ationrd Advisory Committee for Aeronautics.

The results are consistent with each other, and indicate that for such “stable” sec~ions a
small effective camber, a small effective S-shape and a thickness of S to 12 per cent ~ead to
good aerodymunic properties.

. PURPOSE OF THE INVESTIGATION

This report contnin~ the results of the irrrestigntion of the tit systematic series of wing
sections, 27 all together, made in the variable density wind tunnel of the National Advisory
Committee for Aeronautics at about 20 atmospheres pressure. It was desired to obtain infor-
mation about those aerodynamical properties of the wing sections which can not be computed.
These are the drag at several angles of attack, and the two values of the lift coefficient when
(a) the lift coefficient has its maximum and (b) when the air forces change irregularly, com-
monly known as the “burble point.” Without additional work, there was also obtained a

check on the aerodynamic properties open to computation, namely, the Lift and the moment.

PROGRAM OF THE INVESTIGATION 1

In this first systematic series tho measurements were confined to one tank pressure,
&bout 20 atmospheres. This gives approximately a full size Reynolds Number, for the model
scale is about one-tenth, the velocity about on~half of the actual velocity.

The investigation was cofined to such wing sections as have a very small travel of the center
of pressure. The rate of the tra-ml of the center of pressur e is certainly an ~odynamic prop-
ert y of great practical importance, -affecting the usefulness of the section for dmign purposes;
it is not wise to compara the performfbnce of several wing sections without taking the diflerent
rates of travel of the center of pressure , ii any, into account. WMin the useful qnge of the
angle of attack, the W@ sections described in this report have their center of pressure at about
25 per cent of the chord. Their rate of travel of the center of p=ure is accordingly end.
and the comparison of their performance is all that remain.. to be done. Wii sections with
a larger rate of travel of the center of pressure may be taken up in a Inter research.

ARRANGEMENT OF THE TESTS

The 27 mudeIs were made of duralumin and were rectanatim and not warped. The span
is 30 inches; the aspect ratio is 6. The 27 wing sections form a systematic series. The series
begins with three symmetrical sections of different thicknesses, Ml, M2, and M3. The curves
are afline-i. e., the three sets of ordinates can be obtained from each other by multiplying
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each ordinate by a constant. Three more sections are then obtained by adding tu each of the
sets of ordinates hIl, M2, M3 the set of ordinates of a certain camberline, say “a,” so chosen
that theoretically its center of pressure does not travel. The series is further increased by sub-
stituting double the ordinates, 2a for a; then another camber line ~{b,” with the same stu-
bility characteristics, and then combinations ef the two camber lines. The camber lines “a”
and ~’b” will be most easily recognized in wing sections h34 and M 10. This process of obtaining
the shapes of the wing sections leads to their classification in Table XXVIII. The ordinates
of the sections arE given in Table XXIX in per cent ““ofthe chord. Each figure con”ttiins a
drawing of the section.

lZach airfoil was exposed to the air stream of the variable density wind tunnel of the National
Advisory Committee for Aeronautics. It was fastened by thin wires to the balance of this
tunnel. Moreover, a skid rigidly fastened to the airfoil was hinged to a vertical bar, forming
a part of thdbalance. This bar extends across the air stream in rear of the model; it is shielded
from the air stream and can be moved up and down. When moved thti, the angle of attack
of the airfoil is changed. Mter the airfoil was put in, the tank was closed and the air pressure
increased up to about 20 atmmpher.es, The air forces of the airfoil were then determined
over a range of several angles of attack. The drag of the wiras rind of other attachments wero
determined in a separate test under the same conditions of flow. The measured drag hm
been corrected for this drag of the fastening parts in the usual way.

RESULT OF THE TESTS

The results of the tests are given in Tables I to X2WII and are illustrated in the 27 inures.
The angle of attack always refe~ ta a line fixed with respect to the section as shown in each
diagram. In the tables the air forces are represented by the lift coefEcients, the drag coefll-
cients, and the moment coefficients. The lift and drag coefficients are obtained by dividing

the lift or drag by the wing area and by the dynamic pressure V $ where V denotes the velccity

of the air stream and p the mass density of the air. The diagrams are so-called polar curves.
The lift coefficient is plotted vertically up, and against it to the right, the drag coefficient, and
to the left, the moment coefficient. This latter refers to the moment of the air forces with respect
to a point of the chord, one quarter chord from the leading edge. This point is chosen bccau.so
it gives the least variation of the moment coefficient. The moment is divided by the wing area,
by the dynamic pressure, and by the length of the chord. The Reynolds Number is computed

with the chord as the characteristic length.
The parabola of the induced drag coefficient for the aspect ratio 6 has been inserted in

each diagram. No correction has been made for th6 influence of the” ttinbel walls, whii may
be perceptible, as the wing span is half the tunnel throat diameter. This question is Dot yet

sufficiently cleared up.
In Table XXX, a survey of the series and of the results obtained is given. The first-column

gives the number of the wing section. The next three columns contain the minimum drag
coefficient, the lift coefficientit the “ burblo point ,“ and the maximum lift coefficient, if any,
The last column givm the average moment coefficient, which is nhmys smaIl for the wing sect ions
considered in this investigation.

DISCUSS1ON OF THE RESULTS

The main results of this test lie in the presentation of now information about the properties
of the wing sections giwm in the tables and in the diagrams.

It seems that a small travel of the center of pressure is generally combined with a smaUer
maximum lift coef%cient, Good sections are in the neighborhood of M&

The test charts show that at full size Reynolds Number, the minimum drag is much smaller
than -we are accustomed to obtain in the. ordinary ntrnospheric wind tunnel. The maximum
lift is not necessarily larger at a hmger Reynolds Number.
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One remark concerning the results seems pertinent, & shown by mathematical reasoning
in Technical Report No. 191 of the National Advisory Committee for Aeronautics, the moment
curves in the diagrams should theoretically be straight vertical lines. Most of them have
approximately this shape, but not d of them. The small discrepancies can often be explained
by taking the second approximation of the computations into account. For instance, with
actual sections of a finite thickness, the theoretical leading edge is situated halfway between
the actual one and the center of curvature of the leading edge, @wing a shorter effective chord
than the actual one. A very thick section, besides, is slightly more stable than a thinsection
of the same mean curve. Quite irregular moment curves can only be -pkined by sudden
chang= of the character of the flow just as at the burble point.

CONCLUS1ON

Imokiqj at the results obtained in the variable density tunnel (iicluding Technical Report
Aye.217) from a broader point of tie-w, it is now established that the rewdts obtained at the full
size Reynolds hTumber do not agree with the results at a diminished Reynolds hTumber. Further-
more, tests now under way show that the ~ariable density tunnel operated at one atmosphere
gives results with a given wing section similar to the redts obtained in other wind tunnels.

We conclude from these facts that the results obtained at full size Reynolds Number will
give better information to the d=igner than tests run at largely reduced Reynolds 17umber.
The information from the new tunnel till become more and more usefti in the same degree as
more results are ~btained from it, so that results of new tests can be compared with results of
similar older tests made under the same conditions.
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TABLE I TABLE III

.%2tlon so. MI. Model No. 21
SW 30 in. (76.2em).

Sectfrm No. 3fa.
Chord 6 in. (12.7 cm).

Modd h-o. 23

Area 0.0969 m L
Span 30 In. G&Z cm]. Chord 5 in. (12.7 cm).

Average temperetura 40.6° C. A%&~!&6&e Z) etmcs ~%&%mm&ore 30.@’ C.
Aepect ratio 6.

Awrage Regnolds No. a,wl,mo.
Awrege pressure 20.15ntmok

Awmge Remolds h-o. 3,670,@XL .
.—.. s. .

....=..-.

I
Moment
mef&t Qgi%tWgRt

1 --- . . .

.s
. .-
..----

& .-.
a=i=—

t+—

T
-0.23s awn
–. LLn .0076
-: g .W72

Jx&
. ml
.341 .0145
.m . 0L99

.0344
;% .1012

. 1%32
.7s3 . Z74
.742 .W37

,
I

-3.0
-L 6

0.0
L5

H

::
120
Is o
la. o
2L0

–o. L97
–. ma

. m4

.1%

.226

.343

.471

. fib

.am

i%%
.3E3

CLm a ms
.W .013
.Oos’a .m4
.W2e . OLi’
. of26 .02L
.0162 .026
. fu14 .032
.m .019
. Mm .019
.OE-t2 .014
. 162s -.m
.3493 -.081

-3.0 659
–L6 665

0.0 665
665

*I 66a
4.5 607
6.0 6434

W2
1:;
15.0 ,g

I ::: 6s

acm
.fna
.W3
.0L2
.M7
.Oli
.as

-: %
--035 I
-. m !
‘.W i
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--
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TABLE II TABLE IV

Section No. M4. Mcdef No. 24.

6PM fm (76.2 cm). Chord 5 in. (12.7 em).
Arm 0.026Sm:.
Ammge tempwkure 33.@ C. &v%&em#& 20.0atmcs
Amrege Reynolds No. W381W2.”

section No. W?. MrdeI No. ’22.
:p:oo& :61.2 d . Ch~d 5 in. (12.7@

AeQ+CCrtmo 6.
Are&e temp4kture 37.lF C. Average pressure 19S5 atmcG
Aw.rege ReynoIds No. W2U,000.

—

t t“ . _..—
.-L.

+.
.. -_<t=

. .
-.

._

Dmg
I

broment
20eEfcient coef6cfent

cD Cx

a 0105 0.010
-Ccs6 .m
.m .010
.Ocsi .010
. Oml .fa9
.0145 .015
.01s5 .fui
.W7 .015
. owl -015
. 1L21 –. cm
.2426 -.fiza
.accl -. flas

Lfft
ec&&lent

–0. 236
.—. 125
-.015

;@&

.als

.m

:%

.=L

.s3s

Elmmgc

WLi’
tie of Dmiarnic
attack ~e
degreca kJml

Lift Dre
t

Moment
mernC.ient coe6ici nt cw43&fent

I –2. o C59
-1.5 663

t CL: 240
ixc

I $! g
m

2: 65a
15.0 652
Ia o 65L
2L O W3

-am
- Ml
-: O&

. KS

. 24!3

.359

.477

.m

.905

.’J4L

am
.0s3
.014
.015
m;

.022

.022

.021
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TABLE VIII--------

Section No. MS.
Span 20 tn. (76.2 em).
Arm 0.0936m;.
Ave#aswtempratora 44.0° CL
AYamge Reynolds No. &4K@10.

Model No. 2%
Chord 6 In. (12.7 em

A%w%$em4%r8 20.0 atmoe

SectIon No. M6. Model No. 2&
Span 80 In. (762 em). Chord 5 in. (12.7 cm).
AreQ0.(E36Sml. Aapwt rrat[o6.
.kverage temmrature 4115eC. Average presam’e20.1 atnm.
Average Reynolds No. S,&WO1.

Dra
!‘wer?lc ent

CD

.

-.

DYrrarnio
prewlre

i

Lift
cowllclenb

kgfmi CL

655 -a loa
06s .034
035 .117
ma .231
6a2 .3W
665 .452

.tw
:$ . w
603 1. me
6s3 L 132
eza L(R7

Drag
Coamcie.nt

CD

-. .—..—..
I

., .,-. -
DynamIo
nrassura

- —----- -F
i

Angle O
attack

dwreea

Lift
coeftlcient

“CL

Moment
cticlcnt

cm

0.W
.017
, (M
.017
.017

;~

-.037
-. Us

a W76
.Mna
.ima
. ola3
.“UM6
. Olw
.(W6
. cw
.W
.1025
. mm

0. m
.021

;%

,023
.021
.016

–:E
-.040

-0.166

%J

.246

.m

. w
L 138
L1s2
1. 17W

0.0100
.Cc’sa
.0101
.o~a
.022s
.03Q2
:%

.1239

.2276

I

. .

.,,..—

.. .-, -. .-:
i.
.=, .:.,- ..~ .- ....

TABLE VI

Seotlon No. M9. MedcI No. 29.
span VII& 0’6.2 Ore). Chord 1!h 02.7 cm).
Mea 0.0968ml.
Averagu temperature 37.6°0. A%wm#$%re Ml atmos.
Avaras8 Roynolda No. 8,0Zl@0.

Scctfon No. M6. Model No. 2&

Rpanaofn. Gwicm). Chord 5 h U2.7 cm).
.4rea 0.0963m?. Aapwt ratio 6.
.iverage WqWmture 38,0’0. -- Average pressure20.aatrrms.
A~erwe Reynolde No. W3S0,W.

. . ...-

L$A!l&of

degrees

-

.-4.0

i. .U
4.8
6.0

1! I

2:
!uO

. . . . ..

Dynamlo
pressure

k~mt
-

!%
“W
6’5.5
666
854
W
062
en
645

-

J#ent

+. 148
.077

:;

.739

.947
1.026
1.1s7
L 112

-

Moment
Damhnl

.. . ...

‘W’eof’‘Ymm’o*tmack ~r?
legreee kglm~

Moment
medicient

Ci x.%~enl

0.0113
.0101
. 014s
.01s
.0240
. 042s
. MS

:$%
. m16

-— .,.-—
602 -;(im
Ma .-.
002 ... . :&l
593 . ...>.”

J& ii!!
:240

&36 .456
w ‘“,.603

.675
!% L 073
642 1.322
651 L 169

,“ -
O.ow
.014

:%!
.Oa
.025
.Om
. Olb

-. 0)4
–.op

. . .
Q 01(L9
.Qo92

.;%

. W7
.:%2

.W5
.0816
. 118s
. lf+91

“!%’!
1,2. . 4

:02!
, 01s
.021
.025
.(W
.014

-.022
..

G . .. .

.

I
- ..

I_ t. [... . . . .
TABLE X

TABLE VII
Saetlon No. MIO. ModeI No, 30.
8pan801n. (7&20m). Chord 6 Im (12.7 cm).
Aree 00X.9 ml. Aqraft ratio 6.
Amrege temperature 41.W C. Aveage praaure 2).4 atmr=a
Averaga Reymlds No. 8,@0,W0.

Sectt+n No. M7.
:~om~ (7:2 cm).

Average tem~tum 30JY C.
Awmge Reynolde No. 9,640,0W.

Model NO.27.
Chord 5 in. (12.7 om),
Aapmt ratio 6.
Avaragwpresarrre20.0atmos.

Lift
medklanl

CL
Moment

mafiickmt
CM

-

: ‘;”E

“:!J

g. . .

–::fi I
_.~ I

I

t%%ale;l Dynamic
prmmre

4k m~

I
Moment
ccwll;kcnt

-_: ~

-, m

;%

–. 002
-. m
-.0.21
-. @l

-: E
-.029

Dynam!c
pressnre

IJrni
-

An’I&l

degrees ..-

4.0
-;;

if
4.&
6.0

11 i
I&o
la o
21.O

f L&
.twi
.0101
. 012s
. Olal

:X7

.0W3
. . Lw
.2?0s

–0.346
–. 132
-.020

:%1
.313
.451
.246
.771

i%
.962
.807

aom
.mo
. alm
. w171
. m4
.0130
.0104
,0241
. M37
. 072s
.1472
.2426
,2453

-
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TABLE XIVTABLE XI
Seetkur No. bfll. Model No. 31. Button No. MM. Model NO. 24.
&Jw& (y cm) . Chord 5 in. (12.7 cm). 6p9n20in. (i620m). ~h~mhtio(l/7 cm).

Aspect retto 6. Ann O.OW ml.
Avtie tamtiture 26.@ O. Averwe D%SSIU@20.2 atmrs. Averege temperature 41° C.
Average Reynolds No. %SO&OM.

Avemga temperature 20.6 atrnm.
Avemge ReYuohi4 NO. S,~~. -.

.—..-—.:
—..: ;-—

r r

Lut
meO%#ent

Moment
XdMent

CM-1-
Lift

‘~mefSeient medic ent
CL

Moment
tic:ent

-0.018
–.019
-. 01s
–. 017
-. am
–. 014
-.012
-.014
-. m
–.IE?
-.140
-.134

–6. o 717
-L 5 724

0.0 717
715

k: m
4.b m

H %
m o 721
15.0 m
1s. o no
21.0 m

40!0
-. m
-.040
-. CG5
-. w
-. Crm
-.030
-. on
-. me
-. ml

“z~4

-. lxL
-am 0.0391
-.018 :~

.094

.!m .0110

.313 .0137

.4% .0136
.0254
.0425

;~ %J

.99s .2JB5

—

-4.5 WI
-aO mo
-L 6 661

cLo Ooo
602

:: 661
L6 w

m
:: 656

Izo 654
15.0 054
I&o 662
2L0 651

-0.113
-: flJ

.217

.232

.444

.Ma

:Z
L I&l
L 224
L244
L 160

(i Olal
.Ix#7
.W36
.0119
.0149
.m
.0233
.W
.0675
.mm
.1241
.Im2
.2350

,_=.-
.,

- -=
-.—.,

TABLE XII TABLE XV —

Model No. 32. Se=atImrNo. M16. Model No. S6.
Chord5 in. (12.7 em). span 30 In. (762 em)
Aqxct ratio&

Ohord 6 In. (12.7 L@. .
Area 0.0208mL ASpeCtl’8ti06.

Avemge pressure 19.88*. Avemge tempemtoxe ~ CL AverrrseRreSJM 19.!35e.tmm.
Avemge Reynold8 No. 8$S0,000.

Sectfon No. M12.
i3pwap& (if2 cm) .

Avtie temdure WY O.
&vomge Reynolds No. &WJ,MO.

%%
degrw

40
-L 6

ILo

;:
46
ILo

lk :
la.o
la o
2L o

Dymudo
pressarre

k&

Moment
!omgertt

Lift
mMdent

CL
+yt

a mol -a au
. am -. cm
. 010s -. cm
.Olm -.022
. 016s -.016
. 0Z3 -. Ca5
.0n36 -. Om
.W67 -. ml
.mm ~.
.01u6
.1147 -. W
. mm -. ml
.2467 -. Ml

-46
40
-L 5

0.0
1.6

t:
6.0

i:
lh o

%8

640
Ca5
Ca6
641
646
645
C44
e42
MS
646
646
Ml
639

-a 106
.Cm
.U2
.227
.mu
.456
.M8
.Sn
. 39s

LOQ7
L24b
L!i?d
L 170

-o. m
-.017

.CQ6

.237

.31s

.417

: -g

L 165
L!@3
L 163

L!cQ&

.Iml

.Olm

.0L66

.0191

.0261

. 0#1

.0052

. (W4

.1277

.2203

-o. M9
-. m
-.02.5
-. m
-. cm
-. m
&(&

-:%
–. 026
-.072

.

..-.- -—. ..

—.

TABLE XVI

Section No. M18.
~mUom& GJ.2 cm).

Average tem~ture 40.W C.
Average Reynolds No. 6$NJP32.

MoM No. 33.
Ohord 6 In (12.7 cm) .

&CtiOn No. M16. Model No. 36.

_ rath 6.
Span 20 in. (76.2 cm). Ohord 5 fn. (12.7 d.

Avemge premure 202 atrnov. PAmti8mm~ratnre W C.
@wt ratfo 6.
Avem4-e Premurem.m atmca

Avemge Reynolds No. %640WI.

+&-
: 4::-

-----.-
. .=..>. +.

.““-:=.. -.=.+..

Dyrmmlo

z

Lut ‘%%Xd&ent 4CD nt
Moment ~
xqcJent

AJlgeeol

dweea
coe%$t

Drag
coedlcient

CD

-

0.0403
.0236
.0116
.0127
.0167
.0214
.0230
.02ia
.W33
.O’ilm
.1324
.25W
.3210

Moment
C@?lcknt

CH

-0.011
-.015 I
-.mo ‘
-.(03 t
-.C02
-.ola
-.010
-.W2
:.
-.017
:g i

IT
-m& 0.0332

.0145
.01s .Imo
.135 .fm4
;24; .0119

. Olm
. 47s .0217
J&’ W&

L 040 . Om
L 110 .1310
L096 .2172
L040 .8116

~~
—.Ow
-. mu
-. Om
–. 014
-. ON
-. Om
–. 021
–. Om
-. cw
-. H2
-. 12s

-. g
.OJI
.ml
.224
.437
. MO
.670

i%
L229
LOE3
L0i4

>.:.
.+

.



308 REPORT NATIONAL ADVISORY COWIKJ!EE FOE AERONAUTICS

Section No. M17. Modal No. 87.
SprinWIIn. (76.2 em). Chord 5 in. (1!2.7em).
Area 0.096Sml. .Upect ratio 6.
Awage tempwatnre 87”0. Average pressure 19.98etmos
Averege Reynolde No. 3,6UOW.

&etton No. Mm. Mode! No. 40.
Span 24 In. (76.2 em) Chord 6 in. (12.7 em).
Aree O.OW m;. Aspect retlo 6,
Averege tempsmture 51° C. Average pressure 20.0 dnrrn.
Aveiwe RegnoIde No. 8,360$03.

..4

Moment
eoef$ent

,.-,

Moment
ccdtlclent

Cx

—.- ,:.-...

&
‘,. ”

ec
k

Lift Dreg
coeElcIent coa%lent

CL

D ynernla
pressure

4.1

Dynamic
pressure

k~mfi

LIIt
0otv3iiient

--0. 19L
-.092

.017

:E
. 36J3
.476
.6?s

1:E

;: ?8
L230

aa3c&

:8%
. mm
.0M6
.0286
.OWo
. M!%
.0746
.1034
. Iiw
. 2ti13

-o. 07s
+:%

%
.487
.692
. n3

i!%
1.311
L200
L2M

-4.5
-3.0
-lb

0.0

k;
4. tl
6.0

1::

2:
2L0

-0.010
+fl$

-.(KM

:;%J
+.olo
+.rm
:$11

-.045
-.040

o.owl
.0404
.0207
. o17a
.0176
.0283
.0810
.040s
.0s52
. 0M6
.1310
. la
. 246s

-0.037
–. 03s
-.033
-.axi
-.002
-.084
-.m
::%

-.026
::%

-.186
J_ —. . ..

TABLE XVIII “TA”BLE‘Xti
I?@cttmrNo. M21.
Spen 20 In. (762 mn).
Area 0.006Sm!.
Averege temperature W C.
Averege Reynolds No. 8,62#,CO0.

Model No. 41.
Chord 6 hr. (12.7 em).
Aepect mtlo 6.
Averege prwsura 20.@2atmm.

&YJJi#7%&).
Averege tamp3”rature46° C.
Average Reynolds No. 8,680,000.

Model No, 8S.
Chord 6 in. (12.7 cm).
Aepect retlo 6.
Averege premure ZLOSetmca

-LDynamic

57 ‘f$t
. . .. .. +=.... .,; .

._. ..a

AD&;

de#m.ee

4.6
-3.0
-1.6

0.0

k:
f;

Ii 8
15.0
ls. o
2L o 1“

.+>%~tl

o.Oui 4. mz
-.015

:%% -012
.0117 -. mu
.0149 -: ~
;&m

–. OE4
.W8
.0M2 :g
.0769

-.007
:%? -.026
. B15. -.061

An#eIeo

dmeea

LMt
eoemtilent

lheg
EoemcJent

Moment’
OualEIIenl

-: gg

-.029
-.W
-. m
-. Om
-. CUE
-.Om
-.024
-.026
~:~u

-. 07a

-o. Osa
.019
.181
.2.93
.M6
.472

;;

L 067
L 176
L212
L 217

% 175
-. 05s

. 0s2

.164
..232

.8W

.620

.614

.s28
L 018
L 122
1. 18s
L 194

.!

0:p:

.0119

.m47

. 01s0

:%%
.0896
.0m!3
. O&w
.1366
.1927
. Z376

I-.—-- - -..—

TABLE XXII
%Mon No. M19. ModeI No. 89.
SW 80 in. (76.2 em). Chord 6 In, (12.7 cm).

Seetlon M22. Modal No. 42.

Arae 0.061Mml. ASpwt ratio 6.
:~owl (7:.2 em). Chord 6 in. (12.7 em).

Average temperature 48” C.
AOpect retlo 6.

Average pre.smre ZI.2 e.tmm Averege tam~ture W C,
Averege Repnolde 2W. S,W,WI. Av-e Rewelds No. 3,51o,oxL

Avwege prmeure 19.6ntmrm.

Moment
flc:en

-

-0.031
+.015
.-. cm
-.081
-.023
:01:

-.@la
-.011
-.lw
-.062
-.076

. -, 16a

. . ..

. . . .

-

Dra
fnefRC;enl

0.0616
.0486
.0370
.0278
.0166
.0167

%!
.0582
.OJax
. 12/s

‘1
.1 1
.271

..... . ., ...*. *....*.
Dynamic
prweure

k~m$

A#eleol

degrees

Moment
xlefflflt

.:... . . .
O.”m
.W1
. OMr

>.0257
. Ql~

. .
,..

!!!
:.&

(~”

-4.6
-a. o
-1.6

0.0
L 6

H
6.0

I&l
13.0
1s.o
!a. o

-o. 1s4
-.069

:!’%
.868
.417

:E

1%
L~

:%

+aam
–.01$
-.Ola
-.013
-. (03
-. ml
-. W5
-. Qx
-. m
-, w
r. cdl
-. M6
-.109

. ..-
.

1
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TABLE XXIII T.ABLE XXV

.%dkJn No. Ma. Model No. 43.
Spm 30 In. (i6fd IQ.

Sedan No. ?@& Model No. 46.
Chord 5 in. (13.7 cm).

Area O.OWSm%
Spanwi?l. (’m.zcm).

Aped ratio &
Chord 5 tn. (12.7 em).

Average temperature 4S” CL ~v- We.swre 19.94atmas.
&ee.oJ3w ma
Am tsmpereture 36° C.

_ ratio 6.

Amoeu Reynolds No. 33i0,011.
Am pi%WMOxt.o atmce

Ammge Reynohie No. 8,M0.OW.
,. -

Dynando
meswra

4.:

ml
613
617
617
&m
m
620
611
619

“~

m

&legleo

-4.6
–3. o
-L6

ao

H
&s
fio

~:
I&o
1s.o
2L O

Lift
mtliclent

CL
&c#t Moment

mmd~t
Cx

IMt
coefscfenf

CL

Moment
Lwelm#nt

-0.143
–. cm

:%
.30a
.42J
.531
.665

1:!%
L.332
1.236
1.234

0.0663
.0543
.Wo
.M24

:&%
.03s
.04m
. Oial
.1114
.1493
.23!29
.mm

+yI&

–. 025
–.m
–.OB
-.023
–.0L7
–.039
–.04s
–.049
-.064
-ma
-.osll

0.0614
.0467
. @.sl
.0206
. Ohm
.0201
.Gzs
.W6
. 05i3
.W9
.Im4
. 1S91
.2392

-o. ml
–. cm’
-.009
+:=

+. 004
+.017
+.m4
–. m
–. m
-.OIS
–. m
-. m

-.=
. -.
..

.==,.-
-.-L.

—
.-

..:-

-..

. .-.-
- .,.-+=.-.—

TABLE XXVI

Won No. W. ?&Mel No. 44.
SpWl W in. (763 o@. Chord 6 in. (1!2.7em).
Area 0.0W4 m:. z@eOt Hit!O6.
Awmge temperature W C. A- p~ xl.o atmm.
Awaga ReynoIds No. 3J!0J~.

Sedon No. M28.
Span 30 h. (76J?cm).
Area O.OS@Sml.
Average t@m~catum Q“ C.
Average ReynoIds No. 3,!i10,0M.

?ildel No. 46.
a=mhb(p7 em).

Averege pk 20.6 atmos.

.-

-,
.— .,

-:
- .m.-
.-

>=
~:,

Ltit “Dc~meilkfent coemcent
cL

I
——

T
attack
degmee

‘~medic n:
Moment
mm$t

.
t

O:&s-&

.0484

.Culo

:E.mu

:E
.lI14
.1664
.m19
.!24s5

-45 w
-3.0 w
–L 6 343

ao
E

k: 6s3
46 @

637
t!

MO E
15.0 MO

633
2?: 631

-am ; :g
–. 019

.Osi .0123
. 0L43

:% . Olsl
.431 . m21
.633 :=
.6s.
.676 :~

LC56
L126 .S2u
L 183 .1348
L 166 .2293

-am
–. 021
–. 001
–. o14
-.013

$%%
+. G26
-.014
–. 011
-.W
–. 067
–. 064

-0.011
–.oza
–.033
-. m
–.023
-. Oz
-.023
–. 0!23
-. 0!23
-.051
–.W
-.114
–. 119

: L=_-
.-:.

,-.
-
... ,

_:. *-
.=

---

--
-,—>..——I

Eact[on No. 3P27.
Spanah. (maem).
Area 0.0%!? m~.
Aremge tampemture 35° C.
Average Reynolde No. 8,C30,0!3L

Model No. 47.
Chord 51n(12.7em).
@met ratfo 6-
A~eraga pressure m.z atmos.

..—

.-.,.—-.
.,:-

-~

m%$ent +% %=~%i

-0.011 o.&w -a.030
.031 –.m
Js2 .m -. w

.Olsll –.0!29
:% -.o!m
. tit9 :%%
XIZ#

–. CQ6
.0w3 –.CW
.0457 -.019
. oio7 –.0!27

i~ . llcm -.042
1.04s . 1S3s –.044
LWl .1913 –.m
LW.9 .23$4 -.072

.:.-
-----... --:.
.+s+

1
Ma2: 640

-L 5 641
0.0 &lo

k: H
4.6 643
6.0 64!a

64a
&:
16.0 E
1s.0 637
%0 631

.. +

. ...

-,

-.+.

.- —-
- .—
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TABLE XXVIII

CLASSIFICATIONOFTHESECTIONS

TbMneas Se4t!on

~

MIO
Mll
M12

$~

M16

y:

Cmller TbIcknees

-

.-““”k
‘1

1$

1%

-

section

M19
Mm
MZ1

ala
MM
M25

w

....

. . .. . . -,. -.—

.,SectIon Ctm:er

MI
M2
M3
M4
M6
M6
M7
MS
M9

Stnwlt
Stra~ht
6k’ai@t

a
a
a

:

=. ....’

TABLE XXIX

ORDINATES FOR N. A. Cl. A. AIRFOILS Ml TO M27

[17-Upper camber. L-Lower camber]
-. ..

.—-..
Per mnt of chord

— —
60

-
w’

—
96

No.

Ml U
L

M2 U
L

Ma u
L

M4 U
L

km “u
L

M6 :

M7 U
L

MS U
L

MO u
L

M1O U
L

MI1 U
L

M12 u
L

M12 U
L

M14 U
L

M15 U
L

N16 u
L

M17 U
L

MIS U
L

y19 u
L

Mm u
L

M21u
L

M22 U
L

M23 U
L

10

y-
MM
.224

.; E

4.47
447

L83
.07

(L28
.00

3.71
.a24
ha
.90

6.78
.e4

‘am
.16

L 71
.O1

&al
.16

L&
.a m

:XJ

m87
.26

afi
.00

&&?
.7$

6.E4
.48

& ~4
.“02

0.89
L 71

7,41
L231

115

%67
-%67

.:2 ~

(i 14
.5.14

h 61
.m’

?. 14
.04

-: z

ass
l.m:

:%

10,69
.42

6.40
.04

7.11
.m

L 01
-6.60

6.28
.s3

7.51
.61

10.88
.m

ehhs
L24

7.70
.78

+$”

i. 81
2.34

au
L 95

--1-2025

288, am
-zM -a. ol

.
&78 6.93
.x 78 –a 96

h b7 &“6a
.h 57 –h 82

llg &u
.as

7: g ~;:

7. M &01
.3.62 -an

;; &!ul

!2, ;;

1: g 12 w
.76

hg ~;;

7: 3LJ 7. w
.02

7.80 , 7;74
-a m -a. 92

firm 7.48
L 21 L 38

!A:; I 8.76
.s7

11.za lLsJ
.091

:: 7.82
L W

::: s..

LL: l! ~

ass
S.I.a

Q.m
8.46

10.04 la 77
246 2.76

126J la 34
LWI

9.81 S.m
a48 3.s7

1~# IL 16
3.21

-

-— —
7.5 70h 120

0.20
-. m

.m
-. 20

.m
-. 22

2C0
L w

3.13
Z.m

,23
-. 26

Lm
L32

%81
L 91

k:

L42
La

2.39
z 16

.m
-. m

.60

.16

.80

.83

989
L04

L 16
.63

7..67
L 16

ZS3
2.61

.71

.?a

LW
.m

1.m
L 44

L m
.70

1.06
L 12

-

60
.

~~

~.~

-4.m

5.06
-&96

%

%

as+a
-a70.

a49
281

9.52
J.

la. n

‘ii

a’lti
“a.+- .

~g
,:.

~..$!

.$9
9. “1

Ii 17
.17

aoa
L86

0. a7
Lao

?,

WJ

s.atl

3.Pa

IL 07
292

l%-rn
L76

U“23
400

lL 48
2.34

+

40 600 L26
— — ——

a 01
-.91

L 16
-L 16

-k 2

X@
.71

:7J

.?:

.a la
.20

2.s4
.69

4.32
L26

24
.58

X67
L43

.?%

L81
.O1

242
.M

4.88
L02

L96
.13’

2.64
.22

4.45
L 17

LS7
.02

240
.(m

:;

L97
.M

y

. .

a“67
-.67

. lx”
-. w

.g
. .

222
LW

3.2a
L&1

I%

:8J

255
L 19

8.!34
2a3

::

;;

L07
-. a

L=
.03

L62
.la

:3J

L49
.36

!403
.s9

8.66
L 76

L24
.10

L@
.24

278
.S1

1.63
.33

LS3
.54

~

,: &
,2%
.:z
&w
.63

&26
.07

.:%

‘s. 26
!A06

‘J.60
L36

w.51
.e8

&29
.K1

&10
.02

.;%

7.51
L a4

&so
.6a

l!L03
.11

7. ah
L 71

9,2a
L 15

lam
,41

9.64
a43

Ill 51
272

13.46
L 67

0. w
8.7a

11.19
&of

*

2.%5
9eJ

&74
3.74

&q
hm

:g

7.ea
.m

.; E

7.82
L “B

:g

L 4a
.40

6.s2
.m

7.61
.07

,: n

6.83
LOS

&16
.56

Lm
.c@

7.03
L80

6X37
.s0

J.=
.19

&50
274

9.70
211

la.2a
L U

S.76
1s6

9.95
230

.: ~

.;:

-: n
&24
.0s

3.s0
.O1

.: ~

6.24
.s5

7: H

9. S3
m

h13
.O1

6.63
.21

-k %

h m
.$6

6W
.20

9.80
.CQ

ha
. 7!4

7.03
. 3s

9: g

~OJ

&04
L82

10.26
,64

7.00
L36

&14
L40

-

.;:
271
.271

.::

!SJ

hn
.17

$E

L 51
.27

&m
,10

7:~

La
.Ce

&62
.46

%

466
.30

6.M
.06

&13
.14

4.4a
.25

5.33
.07

am
.05

K 16
.05

0.10
.69

&17
.U

&14
.84

&a
.M

-

L64
LM

LW
LW

2.88
!26$

am
.al

L72
.59

3.06
!zSa

3.la
a-l

::

&11
.3a

aa3
.27

&n
.87

km
L 81

3::

:%

:X

a ;I

4.01
,.02

6.28
.40

a.37
. ao

416
.11

3.s9
.m

&au
.18

km
‘.04

am
.m

.al

.m

.m

.(MI

L 10
L 10

iiw
LS9

.m

.m

.76

.76

.w“
,95

LSl
La

L84
L84

ala
212

.m

.m

.34

.64

L29
Lza

241
2.41

::

L 16
L 16

!zZl
am

.75

.75

.m

.$a

L@
1.63

. ia

.72

%

.:%!
Lao
L WI

.; E

::

:ZJ

.: g

2a5
.00

2:OJ

4.rM
.44

2,42
.41

&5s
.s8

.: E

211
.02

281
,16

“4.47
.78

,%

a 72
.a9

4.!M
.56

104
.02

2s4
.m

am
,17

!411
.02

yg

2.10
.210

274
.%74

.:%

4.al
. m

ti.ai
.02

-k %

4.67
.66

ha
.67

acn
.05

L24
..m

5.7i
.la

;:

La
.85

6.02
. Ia

8.04
.02

469
.61

&74
.28

7.w
.m

k 39
L21

,, :
L@
. k!

a%
.%

AS(
1.al

6.51
L 01

-k:
a67
..01

4.s7
.W

-k :

&92
.82

:$

‘6.76
.m

a69
.04

::

L 01
-272

a77
..16

::

has
. la

a 81
.26

4.76
.07

6. 7s
..&a

480
.M

ii la
. ao

6.s6
.83

445
.79

6.2a
.54

Ctg 1L68
}s9

lica 6.22
L w? 184

7.00 9.m
L 49 aao

— —



No.

M24u
L

w!

M2au
L

M27u
L

.

MODEL TESTS

TABLE XXKK-C%ntinued

o

1
L%

L60 8.80
Lfa .12

.67 UJ

.67

.82 Zeo

.s2 .02

L22 WJ
L22

2.m

I_
6.0 7.6

IL: as
.40

:% &w
z 15

5.&3 7.11
.W 1.08

7:3 !3.3.

so

QfD!l
.72

7.00
291

a41
2WI

1: g

—

18

1: ~

e.52
414

10.47
a64

S4.72
2.47

Per cent of Chcmi

T‘r
2022 2040

.

lIW 1272 1409 HI. 76
1.77 224 212 L92

1~~ IL; ~~ lLOS
&44

IL96 12SU lam P2.S2
436 4.s4 &04 472

142S I&24 I&m lam
8.17 a57 a.74 a4K

TABLE XXX

so

,.,
311

T
8070

——

lq 6.11
.12

&16 6.8rl
2.93 1.s4

$~ yJ

l;aJ a65
-.59

—
3ec-
ion
No.

&#lLL
?osf&rlt

Ke#Un R4r#e

zeEkfent qodrieim

0.20s

I
0.75

i%! ~;....----
L W? L15
:. L2Q

---------
LM2 L 16

L 10
?%
Lf80 :%
L2W
L %9 —.!_!?_
L% L20
L260 LZfl
L 110 L IO

—-—
---------- ?2

L!25S L20
Lall 1.20

---------- L IO
L 221 --------

-r
L226 L!M

—---- L IO
L234 ---------

1

L 1$7 —-—-.
,--------- .W

Amege
moment1
ewftident

o.m
.010
.018
.020
.O!m
.025
.M2
.Oa
.Ozo

-010
–. OIs

-: %
-. CBS
-.022
-.033
-. m2
-. ms
-. G%
-. CBS
-.026
-.010
–. m
-: %%
-. m
–. m

1-
Mlm

:8 3.%
.e2

:EJ L90
.m

422 !426
..20 .m

:EJ 3.56
.23

●

1-
9s ml

a.oa 249
L23 213

LS1 .93
.II .48

L60 L20
.26 .72

264 L91
.6S L29

1Momnts t3km abmt E point at 2-Sp?r eeutd the cbmd.
sTho hat odnmn glvas tha iver~a roozsmt oaffJIJat, whkh & elwJy3 SUUUfor the wing eec.tIoa? w@dgred In thk imveetfqt!cm.

.L+--
.—-----

. ..- -—
=- -:-

. . ..—
>_. ~

-: -
—-. - ,
._,. .._
:+

.-...-

-
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,’ -!&
-.

_—
-r --

.
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.
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L4

/.2

Lo

.8

! .6
~=

I
.4

.2

0

72

-.40 -.[ , 72 -.3 :4 75
—cM—

14

L2

Lo

.8

t .6
c.

.4

.2

0

72

-.40 71 -2 -=3 -.4 -s
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